We investigated the spatial variation patterns of voting results in Polish parliamentary election in 2015 across 380 regions. That election was a milestone event in Polish politics that substantially affected Poland's internal and foreign policy directions and promoted two emerging political parties as runners-up against the well-established ones. While socio-economic, cultural and geographical factors such as economic activity, historical legacies (post-Russian East vs post-German West) and economic dichotomies (cities vs the countryside) explain most variations for most parties, they do not appeared to fit as determinants of the new parties' support, especially of right-wing populists. Demographic target groups of individual parties appear to be relatively unresponsive to their pre-election offerings. The spatial specification of econometric models considerably improves their statistical properties. We also examined mixed-W models to account for the unobservable spatial effects stemming from the construction of constituencies. Their distinctive sets of candidates added significantly to the explanation of the spatial variation in voting.
INTRODUCTION
On 25th October 2015 the Polish parliamentary elections were held, resulting in the victory of a right-wing, nationally and socially conservative party Law and Justice (Prawo i Sprawiedliwość, PiS 1 , member of the European Parliament's group European Conservatives and Reformists). The liberal Civic Platform (Platforma Obywatelska, PO, member of the Christian democratic European People's Party group at the European Parliament) and the agrarian Polish People's Party 2 (Polskie Stronnictwo Ludowe, PSL, another EPP member), which had governed since 2007, stepped back to the opposition. At the same time, two brand-new groups entered the parliament, the right-wing populist Kukiz'15 (K15, never before in the EP) and the liberal Modern (.Nowoczesna, N, formal member of the Alliance of Liberals and Democrats for Europe). 3 Law and Justice became the first party in Poland since pre-1989 communist era to secure an absolute majority of seats in the Sejm, the lower house of the Parliament, which enabled them to appoint an autonomous government.
The changes on the Polish political scene coincided with the rise of populist, anti-immigration and anti-establishment sentiments and parties in Europe (cf. Algan et al., 2017) , such as Alternative für Deutschland in Germany, Freiheitliche Partei Österreichs in Austria, Swedish democrats -Sverigedemokraterna or Danish People Party -Dansk Folkeparti. They also shortly preceded the anti-establishment campaigns in the UK and the US that paved the way towards the vote for Brexit and the victory of Donald Trump, respectively, as well as the historically best results of the French Front National in 2017. A question that arises is to what extent the Polish election results from 2015 fit this broad international context, as the voters were able to not only choose between the right-wing opposition (PiS) and the liberal, long-standing incumbent party (PO), but also the well-established parties (PiS, PO) and absolute newcomers (K15, N) that, in the Polish system, are by law financially handicapped on their way to the Parliament through the lack of financing from public sources and hence, to be successful, have to target emerging anti-establishment sentiments very skilfully.
A more specific question that we intend to address in this article is related to the spatial distribution of such sentiments (see, e.g. van Gent et al., 2013) . We examined at the level of poviats (380 units in Poland) to find a relationship between the voting behaviour and a wide range of variables defining the regional socio-economic context, putting the problem into the spatial political economy perspective (cf. Morton, 2017) . This approach might be interesting for at least three reasons.
Firstly, to the best of our knowledge, no studies have attempted to discuss the results of Polish elections in 2015 from a multivariate spatial analysis. Żerkowska-Stronnictwo Ludowe), EU -European Union, EP -European Parliament, EPP -European People's Party, PKW -National Electoral Commission (Państwowa Komisja Wyborcza), BMA -Bayesian Model Averaging. 2 PSL is the only political group represented in the parliament after 2015 election that is not analysed here due to a relatively low support, concentrated in the rural areas. 3 Tags and descriptions of individual parties based on their individual websites, as well as on http:// www.parties-and-elections.eu/poland.html . Balas, Lyubashenko and Kwiatkowska (2016) analysed how the social statuses of individuals, ideological and cultural issues, as well as economic factors, determine electoral decisions, stating that variables describing citizens' social statuses explain in the most appropriate way the tendency to vote for individual parties. Turska-Kawa (2016) evaluated the system of higher-order values of the 2015 electorates and individuals with different ideological self-identifications. All these micro-studies might be treated as a suggestion to use respective, feasible socio-economic regressors at the local level. Secondly, regional studies are the key to a correct understanding of the nexus between constituency formation and election outcomes. Conclusions could be relevant for a wide range of countries (though we leave them outside the scope of this paper).
Thirdly, in recent years, there has been an increase in interest in the role of party leaders in elections and the personalisation of politics (Barisione (2009 ), Bittner (2018 , Garzia (2011) , Garzia (2012) , Mughan (2015) , Rahat and Sheafer (2007) ). Peszyński (2016) examined the leader effect on the 2015 Polish election results of their party or group, refuting the hypothesis that a party leader is a more important determinant of electoral decisions in the case of new, leader-driven parties (N and K15) than in the case of more institutionalised entities (PiS and PO) . Corresponding with the current research trend, spatial studies allow to capture the non-observable effect of the local leaders' charisma on the voting result, at least when the election is held in constituencies, and are perhaps the only non-survey (and hence non-declarative) method of looking into this phenomenon.
In our study, we conducted a spatial econometric investigation of the drivers that impacted the following variables: (i) the unprecedented support for PiS, (ii) the support for other parties, (iii) the vote split between right-wing and liberal-wing, as well as old vs new parties, and (iv) the voter turnout. Our research hypotheses included (H1) the dominant role of socio-economic factors, which can be linked with parties' specific policy promises and target electorate, in determining regional aggregate choices (see Sections 2 and 3 for details), (H2) the presence of spatial patterns due to both spillovers of various kinds and the unobservable effects related to the candidates' attractiveness in individual constituencies, and (H3) different decision-making mechanisms with respect to the choice between liberal and conservative, and between well-established and new parties.
The data used in the paper, available via Local Data Bank from Statistics Poland, as well as the data from the National Electoral Commission (Państwowa Komisja Wyborcza, PKW), included poviat-level data (380 units in Poland at the EU's NUTS-4 level). Taking into consideration the fact that the poviat-level offers a broader set of determinants than the gmina-level data (2479 the EU's NUTS-5 units), NUTS-4 was chosen as representing an optimum balance between spatial precision (multiple poviats per constituency, in almost all cases) and the availability of potential regressors. After the preliminary extraction of 363 socio-economic variables available from Statistics Poland's Local Databank, due to the constrained number of territorial units and on the literature basis, we chose or constructed 54 that could most likely determine election behaviours. 4 We used the General-to-Specific modelling approach, as well as the Bayesian Model Averaging (BMA) technique, as methods for handling model uncertainty. In the final stage, we applied spatial econometric models to consider the presence of additional spatial processes.
The remainder of the paper is organised as follows. In Section 2, we reviewed the previous literature related to spatial methods and their use in political science, as well as the existing literature on turnout and political preferences. In Section 3, we presented the process of data selection and the preliminary linear regression. In Section 4, we applied spatial econometric analysis and we discussed the results of this application. Section 5 is the final concluding section.
ELECTORAL GEOGRAPHY IN POLAND: BACKGROUND INFORMATION AND LITERATURE REVIEW
In an announcement of 27 October 2015, the National Electoral Commission in Poland stated that PiS received 37.58% of votes, which translated into 235 out of 460 parliamentary seats (see Table 1 ). PO gained 24.09% votes (138 seats), recording a decrease of 15 percentage points compared to the election results in 2011. PiS and PO have been the leading parties on the Polish political scene since the parliamentary election in 2005.
Looking at the spatial distribution of election results, PiS was more popular among voters in eastern and south-eastern regions, while PO recorded the highest scores in the north-west, the west and the south-west, as well as had a clearly more metropolitan electorate than PiS (see Fig. 1 ). Relatively high support for N could be seen in cities with poviat rights and in the south-western part of the country. The high support for N in south-western Poland coincided with a high support for the Civic Platform in that part of Poland. This may suggest that the electorate of both parties had a similar profile, as well as that N as a newcomer seized some of PO's voters. However, no material spatial patterns emerged in the case of K15. In recent years, research about the determinants of electoral behaviours, focusing on voter turnout, has expanded rapidly. Around 200 studies on turnout were published only in 2014, which is nearly four times the number of articles published in 2000 (Cancela and Geys, 2016) . The meta-analysis of 83 aggregate-level studies (Geys, 2006) and its extension (Cancela and Geys, 2015) indicated that voter turnout studies conducted as multivariate regression analyses included at least one of 14 variables:
-socio-economic: population size, population concentration (though weakly correlated with voter turnout), population stability (measured by three factors: population mobility, population growth and the percentage of homeowners in the community), income homogeneity and ethnical homogeneity, proportion of minorities (turnout is lower if the share of a minority in the population is higher), past turnout;
-political: closeness of election (Fauvelle-Aymar and François, 2006) -there is a positive relation between the competitiveness of an election and the percentage of voters come to vote, political fragmentation (Dettrey and Schwindt-Bayer, 2009 ), campaign expenditures (Hogan, 2013; Holbrook and Weinschenk, 2014) ; -institutional: electoral system (Eggers, 2015; Endersby and Krieckhaus, 2008) , compulsory voting (Fowler, 2013) , registration requirements (Ansolabehere and Konisky, 2006) , and concurrent elections (Nikolenyi, 2010) .
While looking for spatial determinants of the voting behaviour, some further country-specific aspects should be borne in mind, both in the long-term perspective and related to the specific electoral circumstances in 2015. From this point on, we limited their presentation to the factors that were potentially relevant in the spatial dimension.
Following the first elections in Poland after the systemic transformation out of communism initiated in 1989, one could observe significant regional differences in both election results and turnout. Polish electoral geography literature indicates two main aspects of spatial differentiation of electoral behaviours. According to the first one, the main reason for electoral disproportionality are historical and cultural circumstances, while the second one focuses on socio-economic factors (Zarycki, 1997) . The first theory emphasizes the relevance of the partitions of Poland (that took place towards the end of the 18 th century and resulted in the elimination of Poland's sovereignty for 123 years) and the resulting historically shaped political attitudes. For a long time, the highest turnouts were recorded in the north-western, western and southern regions. This regularity is often explained by long-term parliament traditions that characterize societies living in Prussian and Austrian states, while eastern communities developing within the Russian Empire, due to the authoritarian regime, did not have the appropriate conditions to progress (Kowalski, 2003) . Life in a given partition led to the formation of distinct social norms and political views (Krzemiński, 2009 ). The second concept rejects historical influence, explaining election behaviours predominantly using contemporary socio-economic situations. Our analysis builds predominantly upon the second approach. Additionally, Poland has considerably benefited from the accession to the European Union in 2004 by receiving a substantial inflow of EU funds. In the 2007-2013 financial perspective, Poland has been the largest beneficiary of the EU policy of economic and social cohesion, having the amount of 67.3 billion euros at its disposal, over 19% of funds allocated by the EU for the purposes of this policy (see Ministry of Regional Development, Poland National Strategic Reference Framework 2007 . The 'Operational Programme Development of Eastern Poland', focused on, e.g. generating a socio-economic upgrade of five eastern voivodships (lubelskie, podkarpackie, podlaskie, świętokrzyskie and warmińsko-mazurskie), 5 the least-developed regions in the entire EU as of 2004. The considerable investments undertaken, mainly in infrastructure, may have affected the traditional Polish electoral geography of rightwing dominance in the east.
In the years preceding 2015 election, in the majority of Polish cities with populations above 100,000, one could observe a population decline, mainly driven by great number of city dwellers moving to the neighboring small towns and rural areas (Biegańska and Szymańska, 2013) , which possibly implied some spatial autoregression pattern driven by an increasing population of commuters.
As for the electoral campaign itself, PiS made a number of attractive promises, most notably (i) reversing the incumbent PO's reform of increasing the retirement age, which had been supposed to stabilise the public finances in the long term (see Jabłonowski, Müller, 2013) , and (ii) introducing additional child benefits. 6 Both of those key offerings may have induced a link between the election outcomes and regional demographic conditions. The parliamentary election in October 2015 was directly preceded by a presidential run-up in May (also won by PiS). The presidential election gave a considerable boost to the political career of Paweł Kukiz, a former rock star, and his newly created group K15 was considered in the media as a potential coalition member in the absence of the parliamentary majority for PiS. Its main aim was to create a new constitution and lead to a deep transformation of the political system in Poland, with emphasis put on single-candidate elections as a means of weakening the political parties. 7 While, formally, K15 was not established as a political party, a large number of candidates were members of smaller right-wing parties, not least extreme right. The micro-level study of Turska-Kawa (2016) showed that the voters of K15 represented the most contrasting system of values against other parties.
The main purpose of PO's campaign 8 , in turn, was to retain voters after the long period of governance since 2007 that covered different phases of the financial and economic crisis, predominantly in the euro zone. The party faced an additional, unexpected threat of voter loss due to the establishment of a new liberal and pro-EU party N. This group largely targeted its programme at young voters with higher education, and entrepreneurs interested in liberal economic policy 9 , which once had been identified with PO. N's premise was to simplify the tax system, remove union and pension privileges, as well as to improve the education system to suit the labour market. It also promoted the state's ideological neutrality. The political offering of N appeared to be addressed predominantly to big city residents, and the spatial effects of this targeting strategy may had followed.
According to Wciseł (2016) , the issue of the migrant crisis that emerged during the parliamentary campaign suggested that a large part of the electorate wanted to protect Poland against the influx of refugees and promote nationalistic attitudes. In 2015, during the peak of the European refugee crisis, PiS opposed the reception of any immigrants. However, Poland is highly homogeneous in terms of resident nationality, and -on top of that -no material spatial pattern of minority distribution emerges, so it would be unjustified to expect any spatial pattern in the anti-immigrant sentiment. That focus of the campaign, however, might had been the reason for including some symptomatic variables that might had been related to cultural or historical backgrounds of individual regions.
Finally, as our research applied to the subnational level, we omitted institutional and political variables focusing on socio-economics ones. Common institutional determinants applied to all regions: voting is voluntary, previous registration is not required, voters who are away from their place of residence on the day of an election may vote at any polling station. 460 members of the lower house of the Parliament are elected through proportional representation in 41 constituencies. Constituencies consist of groups of poviats covering parts of voivodships, or entire, smaller voivodships (NUTS-2 level). It implies that there are spatial clusters of poviats with the same sets of candidates. Each constituency has a number of mandates calculated0on the basis of its population (from 7 in a constituency with the lowest number of inhabitants to 20 mandates in the capital city Warsaw). Furthermore, as opposed to federal states or econometric time series setup, political determinants such as political fragmentation and campaign expenditures are not applicable in Poland, either. The political fragmentation is perceived unitarily, as opinion polls are conducted on the na-tional level. What is more, campaign expenditures are difficult to regionalise in practice, especially when political campaigns have largely shifted to the Internet in the recent years.
Since political science data is frequently spatial (Darmofal, 2006) , spatial statistics and econometrics are relatively widely used in political research worldwide, especially the United States (due to the Electoral College and the "winner-takes-it-all" system), and our analysis was also related to this strand of literature.
Answering to the questions about the extent to which the U.S. is segregated by the political preferences, Cho, Gimpel and Hui (2012) relied on data for migrants across seven states to show that many Republicans and Democrats relocate on the basis of destination characteristics, such as income, racial composition and population density, but they also prefer to relocate into areas populated by copartisans. The research confirmed the previous study of Seabrook (2009) which investigated the patterns of geographical clustering in the U.S. votings for the presidential elections of 2004 and 2008. Seabrook pointed out that the change in the presidential voting appeared to be significantly more spatially dependent than the raw voting itself, suggesting a high degree of geographical clustering. Then again, Chen and Rodden (2013) demonstrated that partisan bias in U.S. legislative elections can emerge from patterns of human geography, where Democrats are inefficiently concentrated in large cities and can expect to win less than 50% of the seats when they win 50% of the votes.
In Europe, the geographical variability of electoral turnout determinants was examined by Mansley and Demsar (2015) . The example of the London mayoral election in 2012 showed that electoral behaviours vary over geographical space and that some variables that are considered to influence the turnout in a specific way act non-uniformly across space and sometimes even change the direction to the opposite of the traditionally assumed effect. Regarding France, Saib (2017) tried to identify the share of inequalities in voter turnout that directly results from the specific socio-economic factors of the studied areas, in order to distinguish specific neighbourhood effect.
EMPIRICAL STRATEGY
In order to conduct a spatial econometric investigation of the drivers that impacted on the turnout level, the support for particular parties, especially the unprecedented support for PiS, the vote split between right-wing and liberal-wing, as well as old vs new parties, we used the data that comes from National Electoral Commission (PKW) and Local Data Bank of Statistics Poland. * The longitude and latitude are representing the centroid of the region as the geometric center of its shape's projection on the plane. The symbols H1.1-H1.5 correspond to specific hypotheses discussed in Sections 2 and 3.
Source: own work, Local Data Bank, National Electoral Commission.
As dependent variables, we chose the results (in %) of particular election committees, i.e. PiS, K15, PO and N, as well as the turnout level. Moreover, 4 aggregate variables were created: (1) the percentage share of votes cast for K15 in the total number of votes for K15 and PiS (to look into the propensity to vote for the newcomer on the right wing), (2) the percentage share of votes cast for N in the total number of votes cast for N and PO (to look into the propensity to select the newcomer in the liberal segment), (3) the percentage share of votes cast both for PiS and K15 (as an aggregate right-wing measure) and (4) the percentage share of votes cast both for N and K15 (as an aggregate measure of propensity to vote for the newcomers).
Focusing on the parties' programmes, the way that they framed the election campaign rhetorically, as well as based on the election behaviour literature discussed in Section 2, we selected 54 out of approximately 360 poviat-level variables from the Local Data Bank provided by Statistics Poland that most likely determine the election behaviour (see Table 2 ).
Trying to explain the voting results and the victory of PiS, we need to take into account its sharp criticism of the incumbent government (formed by PO and PSL since 2007) and a series of attractive (but potentially very costly) election promises. Due to the fact that PiS accused the previous government of anti-development policy and of focusing on driving fast growth exclusively in large cities and their neighbourhoods, we hypothesize (H1.1) that the local economic dynamics from 2007 to 2015 (understood as the dynamics of PIT revenues, CIT revenues and workers per 1000 population) may have affected the voting results in such a way that the population of slow-growing poviats preferred to cast their votes on PiS, while the fast-growing poviats supported the incumbent party. Since the core poviats may have been sharing the profits from the high growth with the nearby peripheries via e.g. wages of commuters, spatial linkages are hypothesised here as well.
The introduction of additional child benefit -the 500+ child support program and reversing the retirement age reform -were two most notable PiS pledges prioritized during the election campaign. Therefore, in our analysis, we put emphasis on demographical variables, i.e. live births, children aged 14 and less per adult population aged 18-49, as well as the share of pre-and post-working population, and expect their connection with with the voting results (H1.2). Moreover, the relationship between the demographic structure and the support for the particular parties allows us to examine if the belief that the support for right-wing parties is increasing with age holds in the Polish case.
Taking into consideration variables referring to the structure of the economy, the share of agriculture (understood as percentage of employees in the agricultural sector) is anticipatred to increase the support for PiS and K15 due to their election promise of introducing the law permitting the purchase of land exclusively by Polish farmers (H1.3).
On the other hand, variables related to the economic activity, such as the employment per 1000 population and income from CIT or wealth of the inhabitants (approximated by income from PIT) are expected to positively influence the support for liberal parties (PO and N), especially for N which mainly targeted its programme to young voters with higher education and enrepreneurs interested in liberal economic policy (H1.4). In addition, due to the fact that the aforementioned parties are characterized by a pro-EU attitude, we are interested if EU fund absorption affects their results (H1.5).
Last, but not least, the dataset contains various cultural and historical factors, such as marriages per 1000 inhabitants aged 18-49, divorces per 1000 inhabitants, XIX-th century partitions, which possibly can explain the liberalism-conservativsm trade-off and refer to the theory that emphasizes the relevance of the partitions of Poland and the resulting historically shaped political attitudes. Due to the fact that such a wide dataset is characterised by some collinearity (see Fig. 2 ), in order to obtain a proper set of variables, we apply two strategies:
1. General-to-specific modelling strategy (Campos, Ericsson, Hendry, 2003) and additionally, we used Bayesian model averaging (BMA) to confirm that models included all important variables indicated by BMA (Koop, 2003) . The results presented in subsequent parts of the paper refer to specific (reduced) models. 10 2. Principal component analysis based on the graphical screeplot criterion (see Fig. 4 ). The application of the first strategy began with the linear, non-spatial regression. Based on its results, we constructed an initial set of determinants for the purpose of spatial specifications, for each dependent variable individually, com-prising of: (i) variables significant in consequent linear regressions (significance level 0.1), (ii) most likely regressors indicated by BMA (see Table 3 and Fig. 3 ), and (iii) four key variables by expert judgement: the longitude and latitude to control the surface trend, the employment rate per 1,000 population and the dummy for city with poviat rights (big cities).
Next, we extended the specification for each dependent variable in the spatial direction. It should be stressed that, in the presence of an omitted spatial data generating process, the non-spatial coefficients tend to be upward biased in the modulus if regressors are spatially autocorrelated themselves. As a result, the explanatory variables may spuriously appear as significant in linear regressions, and hence the initial sets are probably too wide and should be subject to further reduction. The second strategy consists of building principal components out of 54 variables under consideration. In line with the picture emerging from the screeplot criterion (see Fig. 4 ), two components were created (see Fig. 5 ):
-Factor 1 ("activity, employment, cities") consisted of variables related to the high labour market activity rate (in general and among women), relatively high employment in the service sector (as compared to the agriculture) and pointed to big cities with poviat rights and high population density. It appeared as predominantly related to high economic activity areas. Note the inverse relationship of the factor to high economic activity of the poviats (see the signs of loadings in Fig. 5 ).
-Factor 2 ("young") is based upon a set of demographic variables. The higher the component value, the younger the society. Having established the individual regressor sets for each of the dependent variables in question (both in terms of raw variables and principal components), we estimated the spatial models using the row-standardized W matrix based on geographic proximity (see Section 4). On top of that, we considered mixed-W specifications with an additional row-standardized matrix W indicating the adherence of two poviats to the same constituency. The inclusion of the latter matrix in the spatial error part stands for the latent effect of shared candidates within a group of poviats (Section 5). 
EMPIRICAL RESULTS FOR SPATIAL SINGLE-SOURCE MODELS

Testing for spatial effects in linear regressions
The results obtained for Moran's I and Lagrange multiplier tests indicated that the residuals from all linear regression specific models were spatially dependent (see Table 4 ; see also graphical inspection in Fig. 7) . The robust versions of Lagrange multiplier tests indicated that, in 7 out of 9 models (except the one explaining voting participation and the outcome of N), the linear model should be rejected against the alternative of the SLM model, but not SEM. A less obvious picture emerged for principal component models (see Table 5 and Fig. 8 ) and, in consequence, we inspected both SLM and SEM models, looking for the robustness of the results. It is noteworthy that some models exhibited exceptionally low R-squared (and adjusted R-squared) values. That was the case when explaining support for the new right-wing K15, and the choice between the liberal newcomer N and the incumbent PO. Those two variables may require additional clarification at the micro level, as the choice appears to be explicable on the individual level, rather than the regional one. One can conclude that the regional cross-section allows one to explain the election results to a decent extent as regards the results of well-established parties and the voting participation. This is, however, no truer for newly emerged parties that declare themselves as anti-establishment (K15) and/or are difficult to distinguish in the ideological or economic dimensions from their direct competitors (N vs PO).
The residuals of the spatial models reported here were not any more spatially autocorrelated (see Tables 6 and 8) , and hence no need for considering dual-source models arose (except the additional hypothesis tested in Section 5). Source: own work. 
What does explain voting results? Single-source spatial models with principal components and reduced sets of variables
Tables 6 and 8 provide information about the spatial models estimated with individual variables and principal components on the right-hand side, respectively: 11
SLM:
y j = ρ j Wy j + x j β j + ε j ;
(1) SEM:
with y j -dependent variable in the j-th model, x j -the respective set of regressors in the j-th model, β i -structural coefficients (reported, along with ρ i and λ i , in Tables 6 and 8) , W -spatial weight matrix based on shared border criterion. For robustness check, we also consider two additional W matrices: (i) defining neighbours as poviats whose centroids are located no further than 60 km away from each other, (ii) based on inverse distance (in km).
Firstly, the component of economic activity (Factor 1) can be interpreted quite intuitively. It positively influenced the turnout level, as well as the support for liberal parties, especially for N. Then again, it contributed to a decrease in support for PiS and K15 (H1.4 generally confirmed). However, in the case of K15, the spatial model was needed to state this dependency (not confirmed in the linear setup). Interestingly, the factor representing the economic activity was not related to the traditional east-west division along the former borders of Poland's partitions in the 19 th century.
Considering individual variables of the component, one can arrive at the following conclusions:
-The share of agriculture (understood as percentage of employees in the agricultural sector) had a visible, positive impact on the support for PiS, but not K15. The share of agriculture negatively affected the result of PO, but not N (the latter may have competed against the agrarian party PSL, the former coalition member with PO, to a lesser extent). Hence, H1.3 and H3 may be viewed as partly confirmed.
-In Poland, the share of people under 24 in the total number of the unemployed in 2015 was 15.1%. The lowest share was recorded for Warsaw (5.3%), whereas the highest for poviat proszowicki near Krakow (30%). While, unsurpris-11 Alternative estimates, i.a. using SEM / SLM (where not provided here) and SARAR specifications, are available upon request. There is no qualitative difference between SLM and SEM results, regarding the significance of variables, in a vast majority of cases. In case of the model for participation rate, since Lagrange multiplier tests did not favour SLM or SEM models, all 3 estimate sets are shown (OLS, SLM, SEM). However, in the case of SLM, Moran I test continues to show spatial dependencies so SEM appears to be preferable. ingly, unemployment among young people influenced the support for PiS as the runner-up, it turns out to weaken the support for both newcomers on the political scene, both on aggregate and as compared to their direct competitors (N vs PO, K15 vs PiS -H3 partly confirmed). Although it may be viewed as a sign of young people rebelling against the authorities, one must admit that this phenomenon is very limited in Poland and the variable might in fact approximate another phenomenon, i.e. the generally passive attitude of young voters towards politics in some regions.
-The wealth of the inhabitants (approximated per PIT tax income) increased mainly the result of N and the turnout level. It did not increase the support for PO, which can be treated as result of weariness among more affluent people with the establishment. It turns out that the variable did not impair PiS.
-Against the expected outcome, the fact that a poviat was a city with poviat rights (i.e. a big city) did not decrease the share of votes for both right-wing parties, and at the same time weakened the results of PO. It possible that geography patterns are not the same as wealth distribution and, after accounting for wealth explicitly, it appeared that the anti-establishment sentiment wave may had appeared in big, but less wealthy cities. Still, in line with the previous literature, the voting turnout tends to be significantly higher in big cities.
-Contrary to how the whole component of economic activity works, the employment per 1,000 population weakened the turnout level. At the same time, the voter turnout was strengthened by the unemployment among people with higher education. Thus, it suggests a political activation of regions which abounded in economically inactive people and specific groups of the unemployed. The total unemployment indeed diminisheed the turnout, as less educated people, registered as short-term unemployed, often work abroad.
Secondly, looking at the impact of Factor 2, poviats with younger demographic profile of the residents noted higher voter turnout and support for the liberal party N. Furthermore, the transition from the linear to the spatial model caused that the negative impact on PiS -as well as the positive on PO -ceased to be significant. That suggested that the spatial clustering of Factor 2 (see Fig. 6 ) approximated the spatial effects arising elsewhere. A closer look at the individual variables building up this factor demonstrated, however, that the impact of demographics was more nuanced.
-Inhabitant registration, which reflects the population inflow to selected poviats, had a positive influence on the results of the new parties (part of H3).
-In poviats with many live births, there was no significant increase in support for PiS; on the contrary, the variable weakened its results. That suggests that election promises regarding the additional child benefit, widely considered as the main driver of their electoral success, could convince the socially oriented electorate, but not necessarily people in the childbearing age. This insight was confirmed by the other variables with similar information content, i.e. children aged 14 and less per adult population aged 18-49, as well as children benefit amount per capita. Note that this aspect of demography remained neutral for the liberal parties. Surprisingly, this leads us to rejection of the hypothesis H1.2 .
-The share of pre and post-working population had a positive influence on the result of PiS and the turnout level, and a negative one on the new parties. One could conclude that the relationship between age and the support for the winner party was non-linear, and hence the previous belief (see Cornelis et al., 2009; Truett, 1993; Wilson, 1973 ) that the support for right-wing conservative parties increases with age could be negated in the case of Poland's 2015 parliamentary election.
Cultural and historical factors (post-German territories, higher crime and divorce rates as compared to more conservative territories) had some predictive power in terms of the liberalism-conservatism trade-off, but the 19 th century partitions or pure surface trend by no means play the dominant role in explaining this dichotomy. Although the decrease in latitude appears to support the right-wing parties, some liberal ones (N) do not necessarily gain when moving to the North. Overall, the new parties do not fit into the old electoral geographical schemes when taking into account the signs and significance of the last 4 variables in Tables 6 and 8. -Divorces per 1,000 population can be treated as symptomatic for moral liberalism prevailing in some poviats. As expected, the variable strengthened the shares of liberal parties, but also for the right-wing newcomer K15 (perhaps as a possible alternative to PiS for voters that were, for some reason, inclined to support the right-wing but were reluctant to adopt an ideologically conservative perspective).
-Conversely, the rate of marriages (computed against the population aged 18-49) increased, on average, the support for PiS and decreased for PO.
It must be emphasised that EU fund absorption in a given poviat had surprisingly no effect on the election results in any of the analysed dimensions (rejection of H1.5). Looking at Fig. 2 , this phenomenon cannot be explained by strong collinearity with any other variable. This suggested that the very fact of implementing EU policies was neutral to the local election outcomes, but perhaps the effects of these policies, as measured by other socio-economic variables, were relevant. However, there was some effect of local investment activity (by gminas and poviats) in the expected dimension, i.e. in favour of the incumbent PO.
Also, surprisingly, the local economic dynamics from 2007 to 2015 did not at all affect the voting results. This variable had never appeared as significant, for any dependent variable. Against our previously stated hypothesis, the population of slow-growing poviats was probably not blaming the incumbent government, nor the fast-growing poviats did prefer the incumbent party. Other factors appeared to have dominated over this dimension (H1.1 rejected) .
The alternative specifications of the W matrix in (1) and (2) leave all the above discussed conclusions unaffected. It must be emphasised that the first alternative version does not remove the spatial autocorrelation from the residuals for some dependent variables (including PiS, total right-wing score and participation). For the remaining dependent variables, a vast majority of conclusions regarding the significance holds (including all the essential, hypothesised relationships). With the second alternative W, we rejected the null hypothesis in the Moran's test for all the variables (while the coefficients also remain qualitatively unaffected as compared to the base version). 12 Table 6a . Spatial reduced models for 9 dependent variables (N=380) Source: own work.
THE ROLE OF CONSTITUENCY-SPECIFIC LISTS OF CANDIDATES: DUAL-SOURCE SPATIAL MODELS WITH MIXED-W MATRICES
On top of the usual spatial dependencies between poviats based on physical proximity, the discontinuity effect emerging from the borders of constituencies can be another aspect of the spatial election process. The presence of electoral districts, and thus the possibility of voting for the same candidates in a cluster of poviats, may influence election results. Using mixed-W models with two spatial weight matrices, we analysed that possibility. One of those matrices (W 1 ) represented the geographic proximity criterion (as in all models considered in Section 4). The other indicated two poviats as connected when they both belonged to the same constituency. The quality of candidates may be viewed here as an additional, latent regressor, and hence the latter W matrix (W 2 ) was considered in the spatial error part only. The parameter accompanying this matrix should be estimated as significant if additional unexplained spatial discontinuity around their borders exists (while within-constituency spatial proximity should already be captured by W 1 ). We applied the estimation method to isolated regions as the capital city Warsaw forms a single-poviat constituency.
While mixed-W SARAR models should in fact be reported as straightforward extensions of the baseline models for all dependent variables except the turnout, we reported both mixed-W SARAR and mixed-W SEM estimates in all cases for the purpose of robustness check:
Mixed-W SARAR: y i = ρW 1 y i + x i β + (I -λW 2 ) ε i ;
(3) Mixed-W SEM:
Estimates from mixed-W SARAR and SEM models were presented in Tables 7 and 9. They generally confirmed our hypothesis H2 about the existence of the unobservable effects related to the candidates' attractiveness in individual constituencies (λ and λ 2 coefficients proved statistically significant in almost all cases, as confirmed by the likelihood ratio tests). The only cases in which they appeared as insignificant were the fractions of votes for the newcomers -K15 and N -as represented by relatively unknown, and hence less charismatic leaders of the lists than in the case of PO and PiS. However, it is noteworthy that even K15 and N exhibited this effect when their results were evaluated in relation to their segment competitors, i.e. PiS and PO respectively.
Both in the models with principal components and reduced models with original variables on the right-hand side of the equation, only minor changes in variable significance arose. If anything, individual explanatory variables tend to lose (rather than gain) statistical significance.
In the analysed cases of mixed-W SARAR models, the sum of ρ and λ is higher than the respective values of ρ considered in Section 4. The explicit inclusion of another source of spatial dependence, i.e. candidates' attractiveness in individual constituencies, improves the goodness of fit -in most cases, the log-likelihood for mixed-W models is higher than for SAR (spatial autoregressive models; see Table  10 ). K15 (in the run-up against PiS) is the only exception and it may be due to the presence of only one distinctive leader in one district (Paweł Kukiz himself).
This conclusion is robust with respect to the variant of W 1 under consideration. In the first alternative version (poviats connected when centroids located up to 60 km from each other), the constituency-related parameter λ in (3) (or is λ 2 in (4)) was significant in all cases (even K15 and N). The same is true for the second alternative version (spatial weight matrix based on inverted distance), although it must be noted that for most of the dependent variables in question, this version of W 1 leaves significant spatial autocorrelation in mixed-W model residuals. 13
The fact of accounting for constituency-specific lists of candidates as a latent determinant of electoral behaviours can be an important source of reducing spurious significances of other spatially correlated variables. In the political economy literature, this mechanism is technically similar in nature to including vertical interactions (variables describing upper-tier authority expenditures) in models of interaction between lower-tier authority expenditures (cf. Reveli, 2003) . As demonstrated by Reveli for English local government expenditures, when vertical fiscal externalities among upper-tier (County) authority and lower-tier (District) authority expenditures were taken into account, the estimated magnitude of fiscal interactions between districts was substantially reduced. Omitting the vertical fiscal interactions can give the false impression of spatial interaction at the horizontal level and, by the same token, the fact of omitting the effect of constituencies can give a false impression of a strong spatial autoregression between individual poviats (lower tier than constituencies). Source: own work.
CONCLUSIONS
We conducted a spatial econometric investigation of the 2015 Polish parliamentary election results, examining the determinants of choosing the incumbent (PO) versus the opposition (PiS), right-wing (PiS+K15) versus liberal (PO+N), as well as well established (PO+PiS) versus newly created parties (K15+N). Our analysis was located in the strand of spatial political economy literature and based on regional data on the poviat level (380 units at the NUTS-4 level in the European Union nomenclature). We considered a broad set of socio-economic explanatory variables, selected by the General-to-specific principle and additionally supported by Bayesian model averaging, as well as used as input for the construction of 11 principal components.
Our results generally confirmed that traditional factors, such as a region's economic activity, demographic profile and north-west versus southeast orientation, continue to play a dominant role in the distribution of electoral support between the liberal and right-wing groups. However, the full picture appeared more nuanced: big cities tended to give more support towards right-wing parties (after controlling economic activity and demography), and the variables related directly to key promises during the electoral campaign (e.g. targeted at parents of young children and people nearing the retirement age) did not affect the results, at least not from the spatial perspective. At the same time, the spatial patterns in newcomers' results (N and, especially, K15) suggested that the geographical dimension of anti-establishment sentiments in Poland were more difficult to capture.
The data offered strong support for using spatial models, predominantly the spatial autoregression. The robust Lagrange multiplier tests prefer this specification over the spatial error model in most cases, which suggests that the spatial interactions of the dependent variable are a more likely spatial process than the spatial process of error autocorrelation that might have been due to an omission of important explanatory variables. The switch from non-spatial perspective (OLS estimation) to spatial models affected a number of conclusions about individual variable significance. Moran's I tests of the residuals confirmed that single source models (with neighbourhood-based W matrix) were sufficient to remove the spatial autocorrelation from the residuals.
Using mixed-W spatial models with an additional spatial weight matrix representing the adherence to the same constituencies, we also demonstrated that the latent effect of sharing the same candidate list offerede a significant contribution to election results. This conclusion was robust over political parties and model specifications (both SEM, turned into mixed-W SEM, and SAR, turned into mixed-W SARAR).
Future research could confront the 2015 election results with analogous upcoming results in 2019, as long as the system of constituencies persists, the set of parties running up for the victory remains stable and the socio-economic context of the campaign remains unchanged, at least to a decent extent. Another issue worth investigation is the combining of the regional dataset with micro-data (if available) into a spatial multilevel model. The impact of constituencies could be re-tested, backwards or forwards in time, regardless of the abovementioned circumstances, unless single-candidate elections are introduced. It could also be interesting to investigate this effect in an international panel, combining countries with similar, proportional, constituency-based electoral system.
